antioxidant activity of Brassica crops were related to differences in total phenolic 15 content but also to differences in phenolic composition for most samples. 
Introduction 1 2
Reactive oxygen species (ROS) are generated during cell aerobic respiration. Under 3 normal physiological conditions, the redox state is tightly controlled by antioxidants.
4
However, increased production of ROS can overwhelm the antioxidant defenses, 5 leading to an imbalance and imposing oxidative stress on the physiological systems. 
21
Comparisons of antioxidant activity of the main Brassica crops have been (3-ethylbenzothiazoline-6-sulphonic acid)) and DPPH (2,2-diphenyl-1-picrylhydrazyl), 16 although with differences based for example in their sensitivity to thiols (Blois, 1958) .
17
A more reliable quantification of the total phenolic content and its relationship with 18 antioxidant activity of Brassica crops is needed.
19
The objectives of this work were to compare the antioxidant activity of several 20 Brassica vegetables at different plant stages, to evaluate the antioxidant activity of
21
Brassica crops by-products and to study the relationship among the antioxidant activity 22 and phenolic composition. Fourteen Brassica varieties were studied: four cabbages (Brassica oleracea var. For this analysis, samples S1, L2, L3 and CO4 (Table 1) were taken into account. The 7 source of variation due to crops, stages and their interaction was significant for DPPH 8 and FRAP assays (P<0.01, Table 2 ). Individual analysis by stage was carried out for 9 each type of assay and significant differences were found among crops at each plant 10 stage (Table 2 ). Different crops outstand over the rest, depending on the plant stage,
11
( kale also showed the highest antioxidant activity (8.91 µmol Trolox g -1 dw) and it did 7 not differ significantly from broccoli (Table 3) . higher DPPH values than by-products although differences were only significant for 19 broccoli (Figure 1 ). Differences between consumed organs and by-products were more 20 evident when antioxidant activity was measured by a FRAP assay (Figure 2 ). In this 21 case, significant differences between consumed organs and by-products were found for can be explained by different varieties under study in both works. Guo et al. (2001) 10 studied antioxidant activity of three different parts of broccoli: stems, leaves and heads .
They found that antioxidant activity of leaves and stems was of the same magnitude of 12 that showed by heads, so they could also be used to develop a new type of product and 13 therefore to enhance the utilization of broccoli. quinic acid in by-products for DPPH assay (Table 5) . Therefore, a high part of the 10 variability for antioxidant activity among the six Brassica crops studied may be 11 explained by the variability of several individual phenolic compounds, including 12 flavonoids and hydroxycinnamic acids (Table 5) . In this work, differences in 13 antioxidant activity among consumed organs of Brassica crops are mostly due to a 14 derivative from sinapic acid. The crops which showed the higher antioxidant activity for 15 both types of assays also had a high content on 1-sinapoyl-2-16 feruloylgentiobioside(R 2 =0.472 and 0.62 for DPPH and FRAP assays, respectively) .
17
As conclusion, differences in antioxidant activity of Brassica crops are related to 18 differences in total phenolic content and composition. These relationships are not so and to phenolic composition. (1996) . Antioxidant capacity of tea and common 11 vegetables. Journal of Agricultural and Food Chemistry, 44(11), [3426] [3427] [3428] [3429] [3430] [3431] Cartea, M. E., Velasco, P., Obregon, S., Padilla, G., & de Haro, A. (2008 
